Abstract: This paper claims that crosslinguistic tendencies of number marking asymmetries can be explained with reference to usage frequency: The kinds of nouns which, across languages, tend to show singulative coding (with special marking of the uniplex member of a pair), rather than the more usual plurative coding (with special marking of the multiplex member), are also the kinds of nouns which tend to occur more frequently in multiplex use. We provide crosslinguistic coding evidence from a range of languages from different families and areas, and crosslinguistic corpus evidence from five languages, using large written corpora. Thus, the crosslinguistic pattern of singulative vs. plurative coding is a special instance of the tendency to devote more marking to rarer forms, and can be explained by the grammatical form-frequency correspondence principle.
The claim
In this paper, we propose an explanation for number-marking asymmetries such as those in (1) and (2). In (1), the form denoting a multiplex entity ('days') has an overt marker, and in (2), it is the form denoting a single (uniplex) entity ('pea') that has an overt (singulative) marker -en. The other form (the "basic form") has no overt marker.
(1) German a. Tag-Ø 'day' (basic form) b. Tag-e 'days' (plurative form)
(2) Welsh a. pys-Ø 'peas' (basic form) b. pys-en 'pea'
(singulative form)
We will show that the marking asymmetries seen in these examples follow a crosslinguistic trend, and we claim that the trend can be explained by a parallel crosslinguistic usage trend: Many nouns such as 'day' tend to be used more frequently in a uniplex sense (denoting a single entity), while some nouns such as 'pea' are used more frequently in a multiplex sense (denoting a set of multiple entities). Those that tend to be used more frequently in a uniplex sense, called UNIPLEX-PROMINENT here, tend to show overt marking of the multiplex form (i.e., plurative form), while those that tend to be used more frequently in a multiplex sense, called MULTIPLEX-PROMINENT here, tend to show overt marking of the uniplex form (i.e., singulative form).
The explanatory principle here is Zipfian economy (Zipf 1935; Haspelmath 2008) . It has been invoked to account for a wide variety of form asymmetries which correspond to frequency asymmetries (e.g., Greenberg 1966; Croft 2003; Hawkins 2004; Bybee 2007) . In earlier work , the specific principle as applied to grammar has been formulated as in (3).
(3) The grammatical form-frequency correspondence principle When two minimally different grammatical patterns (i.e., patterns that form an opposition) occur with significantly different frequencies, the less frequent pattern tends to be overtly coded (or coded with more coding material), while the more frequent pattern tends to be zero-coded (or coded with less coding material).
Some further grammatical oppositions for which this principle has been invoked are listed in (4). This is thus a very broadly applicable principle with great explanatory power.
(4) present/future, 3rd person/2nd person, nominative/accusative, active/passive, affirmative/negative, masculine/feminine, attributive adjective/predicative adjective (including copula), positive/comparative, predicative verb/nominalized verb, action word/agent noun Greenberg (1963) was perhaps the first to observe that the singular-plural overtness contrast is a universal tendency of human languages:
(5) Greenberg's Universal 35 (partial) There is no language where the plural does not have some nonzero allomorphs, whereas there are languages in which the singular is expressed only by zero.
Thus, the situation in (1) (German Tag-Ø/Tag-e) is quite typical of the world's languages. By contrast, the situation in (2) (Welsh pys-Ø/pys-en) is unusual, and all languages with such singulative coding also have the ordinary plurative coding for other nouns. Greenberg (1966: 31-32) observed that the coding asymmetry between singular and plural corresponds to a frequency asymmetry (cf. Section 3 below). This paper goes beyond Greenberg in showing that the Zipfian frequencybased explanation can account not only for the general trend of (5), but also for the difference between (1) and (2), i.e., between plurative pairs and singulative pairs. We provide corpus evidence from five languages, showing that crosslinguistically, the kinds of nouns that tend to be coded as singulatives (in languages that exhibit overt singulative marking) are more frequent in multiplex use, while the kinds of nouns coded as pluratives are more frequent in uniplex use. In simplified terms, we can say that German Tag 'day' has no suffix because the singular is more frequent than the plural, while Welsh pys-en 'pea' has a suffix because the singular is less frequent than the plural. For example, in the British National Corpus of English, the frequency of day/days is 59 298/31 542, while the frequency of pea/peas is 173/603. The distribution in other languages is presumably quite similar.
Before getting to the details of our story, we need to introduce our terminology for semantic and formal entities (Section 2), and it will be useful to contrast our frequency-based explanation with an explanation in terms of "markedness" (Section 3).
Basic comparative concepts: notional and formal
The terms singular and plural are typically used both in a semantic sense and in the sense of a language-specific formal grammatical category. For this paper, it is crucial to have comparative concepts that clearly pertain to the notional level (uniplex and multiplex), as well as concepts that clearly refer to kinds of asymmetric marking (singulative and plurative). Since our goal is limited to explaining crosslinguistic trends, we do not worry about language-specific analysis here. The terms singular and plural thus play no significant role in this paper. The notional terms uniplex and multiplex are used here as in Talmy (1988) . Multiplex nominals are nominals that denote entities which are (or can be) conceived of as (internally homogeneous) groups of things (and which therefore are expressed by overt plural forms in many languages). Uniplex nominals denote entities which are conceived of as individuals. Some examples are given in (6). Uniplex nominals are singular nominals in English, and some of them can have the singulative suffix in Welsh. Multiplex nominals are generally plural in English (most often with a plural suffix -s), but they can be mass nouns like hair, and in Welsh they may be simple root nouns lacking a suffix. (Such simple roots are often called collective nouns rather than plural nouns; see Gil (1996) for the wide range of meanings with which this term has been used.) (6) UNIPLEX NOMINALS
MULTIPLEX NOMINALS
day-Ø day-s bee-Ø bee-s mouse mice (a) fish (many) fish (a) hair (she has black) hair Welsh pys-en 'pea' pys 'peas' Welsh moron-en 'carrot' moron 'carrots'
Nominal meanings which frequently occur in multiplex use (e.g., 'peas') can be called multiplex-prominent meanings. As we will see below, these occur particularly in the semantic domains of paired body-parts, small animals, fruits/vegetables, and groups of people. The key formal concepts of this study are singulative and plurative, or more precisely basic/plurative pairs and singulative/basic pairs. A basic/plurative pair is a pair of related noun forms where one member is an unmarked (basic) uniplex noun (e.g., day), while the other member is a marked multiplex noun (e.g., day-s). Since this situation is extremely common in the world's languages, the great majority of "plural" forms are actually pluratives in this sense.
1 A singulative/basic pair is a pair of noun forms where one member is a marked uniplex nominal (e.g., Welsh moron-en 'carrot'), while the other member is an unmarked multiplex nominal (e.g., Welsh moron 'carrots'). Since this situation is quite rare, few "singulars" are singulatives. A few more examples of basic/ plurative pairs (or plurative lexemes) and of singulative/basic pairs (or singulative lexemes) are given in (7). 3 Markedness explanation vs. frequency explanation
In the literature, form asymmetries of the type seen in (1) and (2) are commonly talked about or explained with reference to a notion of "markedness" (cf. Tiersma 1982; Haspelmath 2006) . The contrast between "marked" and "unmarked" values of a grammatical feature was highlighted in a typological context by Greenberg (1966) (see also Croft 2003: 87-101) . The fundamental idea here is that languages exhibit some kind of "markedness matching" (Haspelmath 2008: 6-7) , in such a way that marked values of grammatical categories are formally marked (overtly coded), while unmarked values are formally unmarked (zero-coded). A closely related approach is to say that languages tend to give simple expression to semantically simple values of grammatical categories, while semantic complexity is reflected in formal complexity, i.e., overt coding. Thus, Mayerthaler (1981: 25) says that "What is "more" semantically should also be "more" constructionally", and Givón (1991: Section 2.2) puts it quite similarly: "A larger chunk of information will be given a larger chunk of code". This has also been regarded as a kind of iconicity (iconicity of complexity in Haspelmath's (2008: 6) terminology). According to this view, one would say that the singular tends to be zero-coded (cf. Greenberg's Universal 35 in (5) above) because it is semantically unmarked or simple, while the plural is semantically marked or complex.
The frequency explanation, by contrast, would say that the singular tends to be zero-coded because it is more frequent than the plural, and is thus more predictable. Languages generally use more coding for less predictable meanings. This explanation was first proposed by Greenberg, who noted that singular forms tend to be significantly more frequent than plural forms. His corpus counts from four corpora are given in Table 1 ( from Greenberg 1966: 32) . 4 These asymmetries can easily be replicated from larger modern corpora. For example, in the Russian National Corpus, there are about 60 million singular nouns and 29 million plural nouns (i.e., about 33 %), and in the Eastern Armenian National Corpus, there are 33 million singular nouns and 6 million plural nouns (i.e., about 15 %). 
Language
Sample size % Singular % Plural % Dual
Greenberg focused on the correlation between the frequency asymmetries and other asymmetries, not on the explanation, but in a brief passage (Greenberg 1966: 65) he says that the frequency distribution is probably primary with respect to other semantic-grammatical "markedness" phenomena.
An advocate of the markedness explanation could object by saying that the frequency asymmetry is itself due to the markedness asymmetry: The reason the singular is more frequent in discourse is that it is semantically basic or unmarked (cf. Mayerthaler 1981: 136-140; Dressler et al. 2014: 187) .
But this view is incompatible with the existence of singulative lexemes. The frequency explanation correctly predicts that if some nouns are different from the majority of nouns in that the multiplex form is more frequent than the uniplex form, then there should be a tendency for the multiplex form to be shorter than the uniplex form. The markedness explanation would have to claim that the plural is unmarked in these nouns, but this would be circular as long as no principled reason is given for why some nouns should have an unmarked singular, while other nouns should have an unmarked plural (cf. Mayerthaler 1981: 51-53) .
Restating the central hypothesis
Let us now restate our central hypothesis in such a way that it is fully clear how it can be tested. We claim that the coding of uniplex/multiplex pairs of nouns tends to depend on frequency of use, in such a way that (8) a. uniplex-prominent meanings tend to be expressed by plurative lexemes b. multiplex-prominent meanings tend to be expressed by singulative lexemes
Recall that a uniplex-prominent meaning (e.g., 'day') is a noun meaning whose counterpart nouns tend to be more frequent in uniplex use, and a multiplexprominent meaning (e.g., 'pea') is a noun meaning whose counterpart nouns tend to be more frequent in multiplex use. The hypothesis in (8) is formulated from the perspective of frequency of occurrence, because uniplex prominence is defined in this way. We can alternatively formulate it from the perspective of the coding asymmetry, by defining PLURATIVE-PROMINENT MEANINGS as noun meanings that are frequently expressed by plurative lexemes, while SINGULATIVE-PROMINENT MEANINGS are noun meanings that are frequently expressed by singulative lexemes. This leads us to the formulation that (9) a. plurative-prominent meanings tend to occur frequently in uniplex use b. singulative-prominent meanings tend to occur frequently in multiplex use
The statements in (8) and (9) are equivalent and differ only in the perspective that is taken. It is important to be aware that the hypothesis is stated as a crosslinguistic tendency, so that no claims about particular forms or particular languages are made. The patterns can be demonstrated (or falsified) only by taking a broadly comparative perspective.
Expression tendencies: singulative-prominent meanings
Let us first look at the coding of uniplex and multiplex meanings, in order to determine which kinds of noun meanings tend to be expressed as singulative lexemes. A fully rigorous method would be to look at a large and representative set of noun meanings (perhaps the 901 noun meanings of the World Loanword Database, Haspelmath and Tadmor 2009), at a large and representative set of languages (perhaps 50 languages from different families and regions), and to determine for each noun whether it is a plurative or a singulative noun. Unfortunately, this method is not practical, because we lack data, and because of an additional problem: While most languages have plurative marking (though it is very often restricted and/or optional, Haspelmath 2005), few languages have singulative marking. In fact, singulative lexemes are attested in substantial numbers only in some Celtic languages, in varieties of Arabic (such as Maltese), in Cushitic languages, and in a few other languages spoken in northeastern Africa. 5 Thus, instead of a rigorous approach, we adopt an impressionistic approach here. Tables 2, 3 , 4, 5 and 6 show a selection of typical singulative nouns from Welsh (Celtic), Maltese (Arabic), Arbore (Cushitic; Ethiopia), Murle (Surmic; South Sudan), and Krongo (Kadugli-Krongo; Sudan). The descriptions on which these tables are based provide a substantial number of singulative and plurative nouns for these languages, but there is no obvious way to compare these systematically. Such a systematic study is a desideratum for the future.
See also Grimm (2012) on Dagaare (Gur). Dressler et al. (2014: 187) note that the singulative suffix -en is a derivational suffix, and that the form pluen can be inflectionally pluralized with the productive suffix -au (pluenn-au). Similar additional forms are found in some of the other languages, but they are not relevant to the main point that we are making here, which is that pairs such as plu/pluen are found in specific semantic classes, and that they correlate with universal frequency asymmetries. Whether the pairs are inflectional or derivational is immaterial (even though our terminology in (8) suggests thinking of them in inflectional terms). We take this as a virtue of our approach, because it is often impossible to tell whether a pattern is inflectional or derivational. A clear trend that emerges from these data is that the following semantic classes of nouns tend to be expressed as singulative lexemes:
(10) a. paired body-parts b. fruits/vegetables c. small animals that occur in groups d. groups of people Not all of these groups are represented in all the languages, but they recur in a way that cannot be accidental. Following (9b), we now need to check whether these kinds of noun meanings do indeed tend to occur frequently in multiplex form. In order to check whether it is crosslinguistically the case that singulativeprominent meanings (the meanings in (10a-d)) are highly frequent in multiplex form, we examined large corpora from five languages (English, Estonian, Latvian, Norwegian, Russian). We analyzed the frequencies of 18 lexemes in each language: three lexemes from six (subjective) semantic classes with potentially singulative-prominent meanings, as observed in Section 5. The labels of the classes of concepts are intended to be no more than descriptive.
(11) 18 singulative-prominent noun meanings for our corpus study paired body-parts ear, leg, lung paired items: glove, shoe, ski fruits/vegetables: apple, potato, strawberry small animals: bee, pigeon, sheep people:
child, boy, girl ethnic groups:
European, American, speaker of (the resp. language)
In addition, we looked at 18 random lexemes in each language (90 in total), hypothesizing that the random lexemes would in general not show the specific usage tendencies as the 18 nouns with the meanings in (11). We sampled the random sets from word lists of nouns of moderately high corpus frequency, in order to avoid behavioral bias from extremely frequent or very rare words. We expect the sets of random nouns to represent the average noun usage in the The choice of languages was motivated by (i) the fact that for each of them, sufficiently large corpora are freely available; (ii) we are at least somewhat familiar with the languages and as such, able to critically evaluate the corpus search results, and (iii) none of the languages can be said to have overt morphological singular marking. All of the involved corpora are already automatically morphologically tagged. Of course, automatic tagging is by no means flawless, which warranted manual counting and filtering in some cases (more on that below). Sub-corpora of texts written no earlier than 1990 were sampled from each corpus to avoid diachronic variation.
Some simplifications were necessary to allow for crosslinguistic comparisons. Only the singulars and plurals of nominative case forms were taken into account (in Norwegian, only nominative indefinite forms). Latvian and Russian have parallel ethnic terms for the two genders; only the masculine forms in the class "ethnic terms" were considered (a similar distinction is possible in Estonian, but its usage is marginal). In Norwegian, the indefinite singular and plural form is homonymous in 'ski', 'shoe', 'child' and 'strawberry', the same holds for the English sheep. In the BNC, the proper noun Apple is mostly tagged as a common noun, inflating the counts of singular for that concept. To calculate the asymmetry indices for such problematic words, we used small subsamples (40 occurrences each) and manually tagged them for grammatical number based on the context. Noun-noun compounds are very common in English, and the automatically tagged BNC seldom distinguishes multi-word compounds. This leads to inflated counts for the singular forms of nouns which are actually modifiers of the second part of the compound (e.g., searching for ski or strawberry also yield large volumes of ski resort and strawberry jam). To avoid such inflation, only nouns not followed by another noun were counted in English. For Russian, a smaller, manually disambiguated subcorpus of the RNC was used to count the forms of the concept 'speakers of (the respective language)', as the word is homonymous. The corpus frequency results were furthermore selectively manually checked in an attempt to detect inflated counts caused by homonymy. Naturally, frequent usage in fixed phrases (I'm all ears; bad apple, etc.) influence the counts of the involved nouns, as does availability to be used as a mass noun (the probable reason that makes the Estonian 'potato' somewhat of an outlier, for example). However, we hope that sufficiently large samples alleviate these problems somewhat, letting the stronger tendencies shine through.
The difference between the counts of singular and plural forms of the nouns was normalized as an "asymmetry index" with a range of −1…1, where negative values indicate dominant singular usage, and positive values dominant plural usage. A '0' means that the counts were equal, and a value of −0.5 or 0.5 means that one of the forms forms occurred twice as often as the other. To put it another way, the value corresponds to (13):
(13) |x -y| / max(x, y); if max(x, y) = count of singulars, multiply the result by −1
Statistical significance of the difference in the singular and plural form counts for each individual noun was tested by calculating the cumulative binomial probability for the distributions. The index value for non-significant distributions (α = 0.05) was automatically coded as '0', indicating equal distribution. This method would weed out both meaningless differences in small counts and small differences in similar large counts. For example, a distribution of 4 against 2 occurrences would yield a value of 0.5; equally well, a distribution of 90 against 83 is likely to be just chance. However, the samples were mostly fairly large (cf. Table 7) , and the majority of the distributions were significantly different. 
Results
It is clear from Table 7 that the randomly sampled nouns, on average, tend to occur more in the singular, compared to the nouns representing the predetermined concepts, which occur more in the plural. The detailed distributions of the concepts may be observed below (Figure 1) .
We tested the correlation of the asymmetry index with the semantic concepts using a linear regression model, with the asymmetry index as the response variable and the concept as a factorial predictor. A significant difference in the asymmetry index between the group of random nouns (the intercept of the model) and the rest of the concepts appeared (all concepts: p < 0.05, with two exceptions). The model as a whole was found to be significant (F 18, 161 = 10.4, p < 0.001), with moderately high explanatory power (adjusted R 2 = 0.48).
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Figure 1: The sample of 180 nouns -18 preselected nouns and 18 randomly sampled nouns from 5 languages -arranged along the vertical axis by the median asymmetry index value of the concepts. 'R.' Marks the random groups. The horizontal axis represents the number asymmetry index, discussed above, so the uniplex-prominent nouns lean to the left, and the multiplex-prominent nouns to the right side of the plot. (Details are given in the appendix.).
6 Various model diagnostics (Cook's distance, DFBETA and DFFITS influence statistics, normality of the distribution of residuals, residuals against fitted values, and Levene's test of equality of error variances (Cook 1977; Belsley et al. 1980; Levene 1960) were used to test the validity of the model. The latter two indicated a heteroscedasticity problem -owing to the strong uniplex-preference of many of the random nouns -but it was not seen as a severe hindrance for the analysis (and a model using generalized least squares yielded essentially the same results). We also tested a mixed-effects model with different intercepts for the languages, which turned out equally significant, so the simpler model is published here. The models and diagnostics were run and the plot created using functions available in R (version 3.2.2; R Core Team 2015).
The random nouns as a group lean towards the singular or at least equal distribution in number. The preselected nouns, as hypothesized, gravitate towards the plural, with the two exceptions of the concepts of 'boy' and 'girl', which do not behave significantly differently from the random nouns (i.e., occur more in the singular; but note that 'child' on the other hand is multiplexprominent in all five languages). The model confirms that the observation that may already be drawn from Figure 1 -that nouns representing the predetermined concepts occur more in the plural, compared to the "general population" of random nouns -is indeed highly likely not due to chance. In other words, the nouns that belong to such semantic classes which tend to be expressed by nouns with overt singulars (in languages with singulatives) strongly tend to be more frequent in the plural than in the singular, compared to randomly sampled nouns.
The explanation
As was made clear earlier, we claim that the tendency for singulative lexemes to be multiplex-prominent (and for plurative lexemes to be uniplex-prominent) is due to a highly general principle of grammatical coding, the grammatical formfrequency correspondence principle (in (3) above), which has a well-known explanation in terms of coding efficiency (Zipf 1935; Fenk-Oczlon 1991; Hawkins 2004; Haspelmath 2008) . What is new here is that we apply this principle to singulative and plurative lexemes.
As was noted in Haspelmath et al. (2014) and elsewhere, the correspondence between form and frequency is implemented by diachronic mechanisms which tend to make frequent forms short, because frequent forms are more predictable than rare forms. Ultimately, it is thus predictability that lies at the root of the length difference and the coding asymmetry.
Thus, the causal effect is very indirect (cf. Newmeyer 2014): We cannot say that the Tag/Tag-e pattern in Modern German is due to the fact that Tag is more frequent than Tage in Modern German, and we cannot say that the Welsh pysen/pys pattern is due to the fact that pys is more frequent than pysen in Welsh.
The causal effect is relatively weak, so it cannot be seen in all languages (many languages lack form distinctions between uniplex and multiplex nouns), and especially the tendency for multiplex-prominent nouns to occur as singulatives is manifested only very rarely. (In most languages, all lexemes join the majority pattern, due to system pressure, cf. Haspelmath 2014.) The explanatory mode can thus be summarized as in (14) .
Explaining asymmetries in number marking (14) Universal frequency asymmetries (resulting in predictability asymmetries) explain universal form asymmetries, via universal diachronic tendencies.
It is in this way that corpus data from Norwegian or Russian (or any other language) can be used to explain morphological asymmetries in Maltese and Arbore (or any other language with relevant asymmetries). This presupposes, of course, that frequency distributions are about the same in all languages, i.e., that Maltese or Arbore speakers show roughly the same usage patterns in their speech. While there are of course many cultural differences in language use, and there might be some in this area as well, we are not aware of any suggestions that point in this direction, so we feel that the presupposition is not problematic. Before concluding, let us briefly address a critical question that readers might have: Couldn't it be that singulative lexemes are conceptualized differently in languages with singulative marking, as "less individualized", or "collective", or "masses"? Linguists have traditionally tended to favour meaning-based explanations over usage-based explanations of grammatical form (cf. Grimm 2012, who tries to explain singulative marking in Dagaare in this way).
Our answer is that we cannot rule out that such meaning differences exist, and if they exist, the semantic explanation would not be incompatible with our usage-based explanation. A meaning-based explanation would have to provide clear criteria for identifying conceptualizations independently of grammatical form (along the lines of Gil's (1996) exemplary discussion). It may well turn out that in some of the languages mentioned above, the basic forms that denote multiplex items (e.g., Maltese larinġ 'oranges') are semantically somewhat different from normal (i.e., pluratively coded) plurals (along the lines of the semantic differences between the English singular mass noun hair and the plural of the related count noun hairs). However, this is a matter for future research.
Whatever the outcome of such studies, a semantic explanation would be compatible with our frequency-based explanation. Note that we define our comparative concept multiplex not in terms of 'plural meaning', but in terms of "possible conceptualization". This means that mass nouns such as sand can be regarded as multiplex nouns as well. This would fit well with our overall claims, because the corresponding uniplex expression (grain of sand) has more formal coding, so one could say that the expression pair grain of sand/sand is a kind of singulative/basic pair, like those in (7), with the only difference that the singulative marker is not a grammatical affix, but a noun. The usage-based explanation in terms of frequency of use is thus actually independent of the mass vs. plural meanings of the nouns in question. Crucially in the present context, the semantic explanation does not make the usage-frequency explanation superfluous, because we also want to know which kinds of entities tend to be conceived of as masses. It would seem that it is precisely those that often occur in a multiplex sense, but this is a topic for future research. 
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